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HIGH SPEED SILICON ETCHING METHOD 


(57) This invention provides the following high-rate 
silicon etching method. An object to be processed W 
having a silicon region is so set as to be in contact with 
a process space in a process chamber that can be held 
in vacuum. An etching gas is introduced into the process 
space to form a gas atmosphere at a gas pressure of 
13 Pa to 1 ,333 Pa (100 mTorr to 10 Torr). A plasma is 
generated upon application of RF power. In the plasma, 
the sum of the number of charged particles such as ions 
and the number of radicals increases, and etching of the 
silicon region is performed at a higher rate than in con- 
ventional etching. 
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ber. An etching gas is introduced into the process space 
to form a gas atmosphere with a gas pressure of 13 Pa 
to 1,333 Pa (100 mTorr to 10 Torr). Furthermore, RF 
power is applied to generate a plasma. In the plasma, 
s the sum of the number of charged particles such as ions 
and the number of radicals increases, so etching of the 
silicon region can be performed at a higher rate than in 
conventional etching. 

10 Brief Description of Drawings 

[0010] 

FIG. 1 is a view showing an arrangement of a mag- 
1 $ netron RIE plasma etching apparatus for realizing 
a high-rate silicon etching method according to the 
present invention; 

FIG. 2 is a view schematically showing a dipole ring 
magnet arranged around a process chamber in the 
20 etching apparatus shown in FIG. 1; 

FIG. 3 is a view for explaining an electric field and 
magnetic field formed in the process chamber; 
FIG. 4 is a graph showing the relationship between 
the pressure in the process chamber, the RF power, 
25 and the etching rate; 

FIG. 5 is a view for explaining the vertical etching 
rate and side etching rate in etching; 
FIG. 6 is a graph showing the relationship between 
the flow rate ratio of 0 2 /SF 6 which forms an etching 
30 gas, the vertical etching rate, and the etching rate 
ratio; 

FIG. 7 is a graph showing the relationship between 
the vertical etching rate and etching rate ratio as a 
function of the flow rate ratio of the etching gas 
35 C 4 F 8 /SF 6 ; 

FIG. 8 is a graph showing the relationship between 
the frequency of the RF power, the etching rate, and 
the etching selectivity; and 

FIG. 9 is a view showing the shape of an example 
40 of through holes formed when etching is actually 
performed with the etching apparatus shown in FIG. 
1. 


Description 

Technical Field 

[0001 ] The present invention relates to a high-rate sil- 
icon etching method of etching a silicon (Si) region of 
an object to be processed such as a single-crystal sili- 
con substrate at high rate. 

Background Art 

[0002] Recently, a three-dimensional package device 
having a multilayered device structure has been devel- 
oped. This three-dimensional package device is ob- 
tained by stacking silicon substrates or the like having, 
e.g., circuit elements and memory elements, in multiple 
levels to form a multilayered substrate, and connecting 
the layers with through hole interconnections. This 
structure realizes a compact device having a high space 
efficiency. 

[0003] In this three-dimensional package device, in- 
terconnection through holes each with a diameter of 
about 10 |±m to 70 jim must be formed in silicon sub- 
strates each with a thickness of about 1 00 ujti. Hence, 
very high-rate etching is required. 
[0004] High-rate silicon etching can be applied not on- 
ly to such a three-dimensional package device but also 
to machining of the order of submicrons in various types 
of micromachining, and can be utilized to form not only 
through holes but also, e.g., groove shapes. 
[0005] For the high-rate etching, an induction cou- 
pling type plasma etching apparatus which can realize 
a high plasma density is conventionally used. 
[0006] However, even in high-rate etching using the 
conventional induction coupling type plasma etching ap- 
paratus, the etching rate is about 10 u,m/min at maxi- 
mum, and a sufficiently high rate is not always obtained. 

Disclosure of Invention 

[0007] It is an object of the present invention to pro- 
vide a high-rate silicon etching method that can realize 
a high etching rate than that of a conventional method. 
[0008] In order to achieve the above object, according 
to the present invention, there is provided a high-rate *5 
silicon etching method of setting an object to be proc- 
essed having a silicon region so as to be in contact with 
a process space in a process chamber that can be held 
in vacuum, forming in the process space a gas atmos- 
phere into which an etching gas has been introduced, so 
generating a plasma upon application of RF power, and 
etching the silicon region of the object to be processed 
in the plasma at high rate, wherein the gas pressure in 
the process space while the plasma is being generated 
is set to 1 3 Pa to 1 ,333 Pa (1 00 mTorr to 1 0 Torr). 55 
[0009] According to the present invention, an object 
to be processed W having a silicon region is set to be 
in contact with the process space in the process cham- 


Best Mode for Carrying Out the Invention 

[0011] The idea of a high-rate silicon (Si) etching 
method according to the present invention will first be 
described. 

[0012] Conventionally, since a high plasma density 
was necessary for high-rate silicon etching, silicon etch- 
ing was performed under a high plasma density by using 
an induction coupling type plasma etching processing 
apparatus. This aimed at increasing the plasma density, 
i.e., the ionization rate, so as to increase the number of 
ions per unit volume. 

[0013] This silicon etching was examined, and the fol- 
lowing fact was found. In order to increase the silicon 
etching rate, it was more effective to increase the gas 
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pressure in the process chamber than to increase the 
plasma density, as shown in FIG. 4 (to be described lat- 
er). More specifically, radicals as neutral particles large- 
ly contributed to silicon etching. To increase the etching 
rate, the sum of the number of charged particles such 
as ions and the number of radicals must be large. To 
satisfy this, the gas pressure in the process chamber, 
more particularly, in the process space with which the 
object to be processed (target etching surface) is in con- 
tact must be increased. 

[0014] The present invention has been made on the 
basis of this finding, and provides a high-rate silicon 
etching method of holding an object to be processed 
having a silicon region to be in contact with a process 
space in a process chamber that can be held in vacuum, 
causing (generating) a plasma in an atmosphere into 
which a process gas has been introduced, and etching 
this silicon region at high rate. 

[0015] FIG. 1 is a view showing the schematic ar- 
rangement of a magnetron RIE (Reactive Ion Etching) 
plasma etching apparatus (to be referred to as an etch- 
ing apparatus hereinafter) used for realizing a high-rate 
silicon etching method according to an embodiment of 
the present invention. 

[0016] This etching apparatus has a stepped cylindri- 
cal process chamber 1 formed of two cylinders with dif- 
ferent diameters that are connected to each other. In this 
process chamber 1 , a small-diameter upper chamber 1 a 
and a lower chamber 1 b with a diameter larger than that 
of the upper chamber 1 a, both of which are made of alu- 
minum, can be held in the vacuum state, and are 
grounded at the GND potential. The process chamber 
is not limited to an aluminum one, but can be made of 
another conductor such as stainless steel. 
[0017] A susceptor for horizontally holding a silicon 
wafer W as the object to be processed is formed in the 
process chamber 1. For example, the susceptor is 
formed by fitting a support table 2 made of aluminum in 
a support base 4 made of a conductor through an insu- 
lating plate 3. 

[0018] RF powers from two systems are supplied to 
the support table 2. The support table 2 is connected to 
a plasma-generating first RF power supply 15 through 
a matching unit 14. The RF power supply 15 supplies 
RF power with a predetermined frequency tothe support 
table 2. Similarly, the support table 2 is also connected 
to a second RF power supply 26. The RF power supply 
26 supplies RF power with a frequency lower than that 
of the first RF power supply 15 to the support table 2 
through a matching unit 25, so as to be superimposed 
on the plasma-generating RF power described above. 
The frequencies of the RF powers are not limited, but 
are appropriately selected in accordance with etching 
process. 

[0019] A focus ring 5 made of a material other than 
silicon, e.g., quartz, is formed on the periphery of the 
support table 2. An electrostatic chuck 6 for electrostat- 
ically chucking and holding the silicon wafer W is formed 


inside the focus ring 5 and on the table surface. 
[0020] The electrostatic chuck 6 is formed by incorpo- 
rating an electrode 6a in an insulator 6b. The electrode 
6a is connected to a DC power supply 1 6. When the DC 

5 power supply 1 6 applies a voltage to the electrode 6a, 
an electrostatic force, e.g., the Coulomb force, is gen- 
erated to attract the silicon wafer W. The support table 
2 also has a refrigerant area 1 7. A refrigerant from a 
cooling unit (not shown) is introduced to the refrigerant 

io area 17 through a refrigerant inlet pipe 17a. The refrig- 
erant is circulated in the refrigerant area 1 7 such that it 
is discharged through a refrigerant discharge pipe 17b. 
The cooling heat of the refrigerant is transferred to the 
silicon wafer W from the lower side through the support 

15 table 2. Thus, the wafer process surface is controlled at 
a desired temperature. 

[0021] When the interior of the process chamber 1 is 
set in the vacuum state, the cooling heat of the refriger- 
ant cannot be transferred to the silicon wafer W easily. 

20 Therefore, a heat transfer gas for transferring the cool- 
ing heat is introduced by a gas inlet system 1 8 to a space 
between the upper surface of the electrostatic chuck 6 
and the lower surface of the silicon wafer W through a 
gas supply line 19. The cooling efficiency is thus in- 

25 creased. 

[0022] Furthermore, a baffle plate 1 0 is formed under 
the periphery of the focus ring 5. The support table 2 
and support base 4 can be vertically moved by a ball 
screw mechanism including ball screws 7. The driving 

30 portion of the ball screw mechanism which is below the 
support base 4 is covered by a bellows 8 made of stain- 
less steel (SUS). This bellows 8 separates the process 
chamber which is to be set in the vacuum state from the 
ball screw mechanism which is to be set in the atmos- 

35 pheric state. A bellows cover 9 is formed outside the bel- 
lows 8. The focus ring 5 is electrically connected to the 
process chamber 1 through the baffle plate 10, support 
base 4, and bellows 8, and is set at the GND potential. 
[0023] An exhaust port 1 1 is formed in the side wall of 

40 the lower chamber 1b, and the exhaust port 11 is con- 
nected to an exhaust system 1 2. The vacuum pump (not 
shown) of the exhaust system 12 is actuated to reduce 
the pressure in the process chamber 1 to a predeter- 
mined vacuum degree. An outlet/inlet port for loading/ 

45 unloading the silicon wafer W is formed in the upper por- 
tion of the side wall of the lower chamber 1b. A gate 
valve 13 for opening/closing this opening portion from 
the outside is provided. 

[0024] A shower head 20 is formed in the ceiling wall 
so portion in the process chamber 1 . A large number of gas 
discharge holes 22 are formed in the lower surface of 
the shower head 20, to be parallel to the silicon wafer 
W held by the support table 2. The shower head 20 is 
set at the same GND potential as the process chamber 
55 1 . The shower head 20 has a diffusion space 21 be- 
tween its lower surface and a gas inlet portion 20a 
formed at its upper portion (the ceiling portion in the 
process chamber 1 ). The introduced gas diffuses in the 
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diffusion space 21 . 

[0025] The gas inlet portion 20a is connected to a gas 
supply pipe 23a. The other end of the gas supply pipe 
23a is connected to a process gas supply system 23. 
The process gas supply system 23 supplies a process 
gas containing an etching gas and diluent gas. The proc- 
ess gas supply system 23 is constituted by gas sources 
(not shown) for the etching gas and the like, and mass 
flow controllers (not shown) and valves (not shown). The 
mass flow controllers and valves are respectively con- 
nected midway along pipes from the gas sources. 
[0026] The etching gas flows via the gas supply pipe 
23a and gas inlet portion 20a to reach the diffusion 
space 21 in the shower head 20. The etching gas is then 
discharged from the gas discharge holes 22 into the 
process chamber 1 to form an etching gas atmosphere 
in the process space. 

[0027] With this arrangement, the opposing shower 
head 20 and support table 2 serve as the upper elec- 
trode and lower electrode to form the etching gas atmos- 
phere in the process space between them. When the 
RF power supply 15 applies RF power to the support 
table 2 serving as the lower electrode, a plasma is gen- 
erated. 

[0028] A ring-shaped dipole ring magnet 24 is ar- 
ranged around the upper chamber 1a. As shown in the 
horizontal sectional view of FIG. 2, the dipole ring mag- 
net 24 is comprised by attaching a plurality of anisotropic 
segment columnar magnets 31 to a casing 32 formed 
of a ring-like magnetic body. In this example, 16 aniso- 
tropic segment columnar magnets 31 which form col- 
umns are arranged in the ring-like shape. In FIG. 2, ar- 
rows shown in the anisotropic segment columnar mag- 
nets 31 indicate the directions of magnetic fluxes. The 
directions of the magnetic fluxes of the plurality of ani- 
sotropic segment columnar magnets 31 are slightly 
shifted from each other to form a uniform horizontal field 
B, directed in one direction, as a whole. 
[0029] Therefore, as schematically shown in FIG. 3, 
in the space between the support table 2 and shower 
head 20, upon application of the RF power from the RF 
power supply 15, an electric field EL in the vertical di- 
rection along the upper and lower electrodes is formed. 
Also, the horizontal field B parallel to the direction along 
the upper and lower electrodes is formed by the dipole 
ring magnet 24. A plasma (magnetron discharge) is gen- 
erated in the orthogonal electromagnetic fields formed 
in this manner. The plasma is generated in the high-en- 
ergy etching gas atmosphere in this manner, and etches 
the silicon wafer W. 

[0030] The high-rate silicon etching method using the 
etching apparatus with the above arrangement will be 
described. 

[0031] First, the gate valve 13 is opened, and the sil- 
icon wafer W is loaded in the process chamber 1 with a 
wafer transfer mechanism (not shown), and is held on 
the support table 2. After that, the wafer transfer mech- 
anism is retreated, and the gate valve 13 is closed. 


Then, the support table 2 is moved upward by the ball 
screw mechanism to the position shown in FIG. 1 . The 
interior of the process chamber 1 is evacuated by the 
vacuum pump of the exhaust system 12, to reach a de- 

5 sired vacuum degree. 

[0032] The process gas is introduced from the proc- 
ess gas supply system 23 into the chamber 1 at a pre- 
determined flow rate to set the gas pressure in the 
chamber 1 to 13 Pa to 1,333 Pa (lOOmTorrto 10Torr). 

10 [0033] In this gas atmosphere, predetermined RF 
power is supplied to the support table 2 by the RF power 
supply 1 5. At this time, the DC power supply 1 6 applies 
a predetermined voltage to the electrode 6a of the elec- 
trostatic chuck 6, so that the silicon wafer W is attracted 

15 and held by the electrostatic chuck 6 with, e.g., the Cou- 
lomb force. Upon application of the RF power, an RF 
electric field is formed between the shower head 20 as 
the upper electrode and the support table 2 as the lower 
electrode. As described above, the horizontal field B is 
20 formed between the shower head 20 and support table 
2 by the dipole ring magnet 24. Hence, orthogonal elec- 
tromagnetic fields are formed in the process space be- 
tween the electrodes where the silicon wafer W is 
present. The drift of electrons caused by the orthogonal 
25 electromagnetic fields causes magnetron discharge. A 
plasma caused by the magnetron discharge etches the 
silicon wafer W. 

[0034] In this case, the gas pressure in the chamber 
1 is set to as high as 13 Pa to 1,333 Pa (100 mTorr to 
30 10 Torr). Thus, not only ions and charged particles of 
electrons but also a sufficient amount of radicals can be 
generated. The radicals act effectively to realize high- 
rate silicon etching at 20 u,m/min or more, which cannot 
be conventionally achieved. The preferable range of the 
35 gas pressure is 26 Pa to 133 Pa (200 mTorr to 1 Torr). 
The upper limit of the pressure is determined by consid- 
ering the planar uniformity of the object to be processed 
obtained by etching when the etching apparatus with the 
arrangement described above is used. If the gas pres- 
to sure is excessively high during etching, the planar uni- 
formity is degraded. Hence, the above value is set as 
the upper limit of the pressure. If a desired planar uni- 
formity can be obtained, an upper limit of the gas pres- 
sure that matches the processing apparatus may be set. 
45 [0035] Matters that are confirmed by actually perform- 
ing silicon etching described above will be described. 
[0036] In this case, an actual etching process is per- 
formed by using the etching apparatus shown in FIG. 1 . 
First, a gas mixture of SF 6 gas and 0 2 gas was used as 
50 the etching gas. The frequency of the RF power to be 
applied to the support table 2 was set at 40 MHz. A mag- 
netic field of 1 7,000 uT (1 70 G) was formed for the proc- 
ess space by the dipole ring magnet. Etching was per- 
formed while changing the pressure in the chamber 1 
55 and the RF power. The etching rate characteristics as 
shown in FIG. 4 were obtained. In FIG. 4, the abscissa 
represents the pressure in the chamber, and the ordi- 
nate represents the RF power. 
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[0037] As shown in FIG. 4, regardless of the value of 
the RF power, as the pressure in the chamber becomes 
higher than 13 Pa (100 mTorr), the etching rate increas- 
es. 

[0038] The extinction rate of the radicals should be 5 
decreased so that the number of radicals above the sil- 
icon wafer W is increased. From this viewpoint, the dis- 
tance between the plasma generation region and the sil- 
icon wafer W is preferably 20 mm or less. 
[0039] In this embodiment, an RIE type plasma gen- 10 
eration mechanism formed of parallel opposite elec- 
trodes is used. Thus, a plasma generation region is 
formed within 20 mm from the surface of the silicon wa- 
fer W. In other words, a region with a high plasma den- 
sity can be generated on the side of the susceptor (lower 
electrode) where the silicon wafer W is set. That is, a 
region with a high plasma density can be generated im- 
mediately above the silicon wafer W. 
[0040] Therefore, the number of radicals above the 
silicon wafer W can be increased by decreasing the ex- 20 
tinction rate of the radicals. Also, the radicals can be 
caused to contribute to etching of the silicon wafer W 
effectively. 

[0041] Etching is performed while forming a magnetic 
field perpendicular to the electric field between the elec- 25 
trodes. Hence, E x B drift occurs immediately above the 
silicon wafer W, so that a high plasma density is realized. 
In addition to the high gas pressure described above, 
this allows etching at an even higher rate. 
[0042] When causing an etching reaction by using the 30 
radicals, a number n G of radicals contributing to the 
etching reaction on the object to be processed can be 
expressed as n G = n 0 • G G - Lq where n Q is the density 
of the mother gas (proportional to the pressure), G G is 
the rate at which the radicals are generated, and Lq is 35 
the rate at which the radicals that extinguish by reactions 
other than the etching reaction extinguish. To increase 
the number n G of radicals contributing to the etching re- 
action on the object to be processed, n 0 • G G may be 
increased, that is, the gas pressure in the process cham- *o 
ber may be increased, as described above. Other than 
that, it is also effective to decrease Lq. To decrease 
the time until the reaction must be shortened as much 
as possible. For this purpose, the distance between the 
plasma generation region in the process chamber and 
the etching surface of the object to be processed is pref- 
erably 20 mm or less. 

[0043] As the etching gas, a gas that is used as a gen- 
eral etching gas may be utilized. From the viewpoint of 
etching the silicon wafer W at a high rate, a fluorine com- so 
pound gas having a high reactivity is preferably used. 
This will be described in detail. The following various 
types of gases can be utilized. Any one of these gases 
may be used alone, or a plurality of gases among these 
gases may be used in mixture. 55 

(1) A saturated carbon fluoride compound gas ex- 
pressed by C x F y (y = 2x + 2) such as: 


CF 4> C 2 F 6 , C 3 F 8 , C 4 F 10 , C 5 F 12 , C 6 F 14 , C 7 F 16 , 
C 8 F 18 , C 10 F 22 , or the like 

(2) An unsaturated carbon fluoride compound gas 
having one or more double bonds or triple bonds 
expressed by - C x F y (y < 2x + 2) such as: 

C 2 F 4 , C 2 F 2 , C 3 F 6 , C 3 F 4 , C 4 F 8 , C 4 F 6 , C 4 F 4 , 
C 4 F 2 , C 5 E 10 , C 5 F 8 , C 5 F 6 , C 5 F 4 , C 6 F 12 , C 6 F 10 , 
C 6 F 8 , C 6 F 6 , or the like 

(3) A carbon fluoride compound gas expressed by 
C x H y F z such as: 

a compound gas, e.g., CHF 3 , CH 2 F 2 , or CH 3 F, 
in which at least one F of a gas of (1) or (2) is 
replaced by H 

(4) A carbon oxide fluoride compound gas ex- 
pressed by C x F y O z (y = 2x + 2 - 2z) such as: 

C 2 H 4 0, C 3 F 6 0, C 3 F 4 0 2j C 4 F s O, C 4 F 6 0 2> or 
the like 

(5) A fluorine compound gas (and fluorine gas) not 
containing carbon such as: 

F 2 , HF, NF 3 , SF 6 , SiF 4 , or the like 

As the fluorine compound gas, the larger the 
number of Fs in one molecule, the higher the reac- 
tivity. When such molecule is expressed as A x F y 
(where A is an arbitrary element, and x and y are 
the valences), y may be 4 or more, and more pref- 
erably 6 or more because a higher reactivity can be 
obtained. For example, as a gas with y being 6 or 
more, C 3 F 8 , SF 6 , and S 2 F 10 can be exemplified. As 
a gas with y being 4 or more, CF 4 can be exempli- 
fied. 

As a gas to be added to such fluoride com- 
pound gas, one of the following gases can be used. 

(6) A halogen compound gas (and halogen gas) oth- 
er than fluoride such as: 

Cl 2 , Br 2> l 2 , HCI, HBr, HI, or the like 

(7) Other gases such as: 

H 2 , N 2 , 0 2 , CO, or the like 

(8) Inert gas such as: 

Ar, He, or the like 

[0044] When oxygen gas is contained in the fluorine 
compound gas, the etching anisotropy can be en- 
hanced, and the etching shape can be improved. More 
specifically, a gas containing SF 6 and 0 2 at an O^SFq 
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flow rate ratio of 0.1 to 0.5, and preferably 0.15 to 0.3, 
provides a high etching rate and good etching shape. 
When a gas containing SF 6 and C 4 F 8 at a C 4 F 8 /SF 6 flow 
rate ratio of 0.3 to 0.6, and preferably 0.4 to 0.5, is used, 
a good effect can be obtained. Results obtained by per- 
forming etching to confirm this will be described. 
[0045] The etching conditions are as follows. 

1 . Etching gas: SF 6 + 0 2 
(Condition A) 

Frequency of RF power: 40 MHz 
Mask: Si0 2 

(Condition B) 

Frequency of RF power: 27 NHz 
Mask: resist 

2. Etching gas: SF 6 + C 4 F 8 

Frequency of RF power: 40 MHz 
Mask: Si0 2 

[0046] Under the above etching conditions, etching 
was performed while changing the flow rate ratio of 0 2 / 
SF 6 . A vertical etching rate a and side etching rate b 
shown in FIG. 5 are measured from the shape obtained 
by etching the silicon wafer under the condition A. The 
high-rate etching performance is evaluated using the 
vertical etching rate a. Also, the shape was evaluated 
using a ratio (etching rate ratio) b/a of the side etching 
rate b to the vertical etching rate a. 
[0047] FIGS. 6 and 7 show the results. 
[0048] FIG. 6 is a graph showing the relationship be- 
tween the vertical etching rate a and side etching rate b 
as a function of the flow rate ratio O^SFg. FIG. 7 is a 
graph showing the relationship between the vertical 
etching rate a and etching rate ratio b/a as a function of 
the flow rate ratio C 4 Fg/SF 6 . 

[0049] From FIG. 6, the high-rate etching perform- 
ance and shape are good when the value of the flow 
rate ratio O^SFq is in the range of 0.1 to 0.5. In partic- 
ular, in the range of 0.15 to 0.3, the vertical etching rate 
a and the etching rate ratio b/a balance well. Hence, this 
range is more preferable. From FIG. 7, the high-rate 
etching performance and shape are good when the flow 
rate ratio C 4 F 8 /SF 6 is in the range of 0.3 to 0.6. In par- 
ticular, in the range of 0.4 to 0.5, the vertical etching rate 
a and the etching rate ratio b/a balance well. Hence, this 
range is more preferable. 

[0050] To improve the etching shape, it is also effec- 
tive to decrease the temperature of the silicon wafer W. 
In view of this, the refrigerant of the refrigerant area 17 
is circulated as described above to generate cold heat. 
The process surface of the silicon wafer W can be de- 
creased to a desired temperature with this cold heat 
through the support table 2. For example, when a refrig- 
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erant at a temperature of about -30°C is circulated, the 
etching shape, i.e., the anisotropy, is improved. In order 
that the cold heat is transferred to the silicon wafer W 
easily, the gas inlet system 18 supplies a heat transfer 
gas to the space between the lower surface of the silicon 
wafer W and the upper surface of the electrostatic chuck 
6. As the heat transfer gas, in place of ordinary helium 
(He), a process gas, e.g., SF 6 orC 4 F 8> which is used as 
the etching gas may be introduced. These processes 
provide a higher cooling efficiency than He, and can fur- 
ther enhance the effect of cooling the silicon wafer W. 
[0051 ] The frequency and output of the first RF power 
supply 1 5 are appropriately set in order to form a desired 
plasma. From the viewpoint of increasing the plasma 
density immediately above the silicon wafer W, the fre- 
quency is preferably 27 MHz or more. 
[0052] Matters that are confirmed by actually perform- 
ing silicon etching with this frequency will be described. 
[0053] The etching apparatus shown in FIG. 1 was 
used. C 4 F 8 + SF 6 was used as the etching gas. The sil- 
icon wafer W was etched while changing the frequency 
of the RF power. The etching rate and the etching se- 
lectivity with respect to the resist were obtained. 
[0054] FIG. 8 shows the relationship among the fre- 
quency of the RF power, the etching rate, and the etch- 
ing selectivity. The frequency is plotted along the abscis- 
sa, and the etching rate and etching selectivity are plot- 
ted along the ordinate. As shown in FIG. 8, as the fre- 
quency increases, both the etching rate and etching se- 
lectivity tend to increase, particularly largely when the 
frequency is 27 MHz or more. 

[0055] From the viewpoint of increasing the etching 
rate and etching selectivity, the frequency is preferably 
40 MHz or more. However, the frequency is not limited 
to 40 MHz, and has no particular upper limit. In view of 
the issues (efficiency and the like) arising in the actual 
RF power transmitting method used in the etching ap- 
paratus of this embodiment, the practical range may be 
40 MHz to 200 MHz. 

[0056] FIG. 8 shows results for the frequency of only 
up to 40 MHz. Even when the frequency is 40 MHz or 
more, as the frequency increases, the etching rate and 
etching selectivity may increase. This can be under- 
stood easily. 

[0057] The second RF power supply 26 supplies RF 
power for controlling the ion energy of the plasma. The 
frequency of the RF power supply 26 is lower than that 
of the first RF power supply 1 5, and is preferably 2 MHz 
or more. 

[0058] The dipole ring magnet 24 applies a magnetic 
field to the process space between the support table 2 
and shower head 20 serving as opposing electrodes. 
This is to increase the plasma density immediately 
above the silicon wafer W. In order that this effect is ex- 
hibited effectively, the dipole ring magnet 24 is prefera- 
bly a strong magnet that forms a magnetic field of 1 0,000 
uT (1 00 G) or more in the process space. The stronger 
the magnetic field, the higher the effect of increasing the 
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plasma density may be. From the viewpoint of safety, 
the strength of the magnetic field is preferably 100,000 
uT (1 kG) or less. 

[0059] To etch the silicon wafer W at high rate, the 
opening ratio of etching, i.e., the proportion of the area 
of the etching holes to the total area of the silicon wafer 
W. must also be considered. When the opening ratio is 
excessively large, high-rate etching becomes difficult to 
perform. From this viewpoint, the opening ratio is pref- 
erably 1 0% or less, and more preferably 5% or less. The 
opening width of etching is not particularly limited, and 
can be about 5 urn or more, but preferably 10 or 
more. The opening width has no particular lower limit, 
but about 200 ujti or less is preferable. 
[0060] As described above, when the gas pressure in 
the chamber 1 during etching is increased and other 
conditions are regulated within preferable ranges, sili- 
con etching can be performed at high rate. From the 
viewpoint of practicality, for example, the gas pressure 
in the chamber 1 is set to 26.6 Pa to 66.5 Pa (200 mTorr 
to 500 mTorr). The frequency of the first RF power sup- 
ply 15 is set to 40 MHz. The frequency of the second 
RF power supply 26 is set to 32 MHz. The strength of 
the magnetic field in the process space formed by the 
dipole ring magnet 24 is set to 10,000 uT to 30,000 uT 
(1 00 G to 300 G). When these conditions are employed, 
the silicon wafer W can be etched at a very high rate of 
about 50 pm/min or more. 

[0061] The result obtained by actually etching the sil- 
icon wafer W underthese practical conditions will be de- 
scribed. 

[0062] An Si0 2 mask was formed on the surface of 
the silicon wafer, and etching was performed using the 
etching apparatus shown in FIG. 1 . The etching condi- 
tions were as follows. The pressure in the chamber 1 
was set to 33.25 Pa (250 mTorr). As the etching gas, 
SF 6 and 0 2 were supplied into the chamber 1 at flow 
rates of 0.4 L/min and 0.13 L/min, respectively. The fre- 
quency of the RF power output from the first RF power 
supply 1 5 was set to 40 MHz. The frequency of the RF 
power output from the second RF power supply 26 was 
set to 3.2 MHz. The strength of the magnetic field in the 
process space formed by the dipole ring magnet 24 was 
set to 17,000 yT (170 G). The output of the RF power 
from the first RF power supply 15 was set to 2,300 W. 
To coo! the silicon wafer W efficiently, SF 6 gas was used 
as the gas to be supplied to the lower surface of the 
wafer, so that the temperature of the bottom surface of 
the silicon wafer W became -15°C. The opening diam- 
eter of holes to be formed by etching was set to 20 urn. 
[0083] FIG. 9 shows hole shapes obtained by this 
etching. FIG. 9 shows an image photographed by an 
electron micrograph in the form of a line drawing. 
[0064] The etching rate of this etching was as very 
high as 49.3 u.m/min. As shown in FIG. 9, the hole 
shapes were good. The etching selectivity of silicon to 
Si0 2 of the mask was 50.7. 

[0065] When the pressure in the process chamber 1 , 


the etching gas flow rate, the RF power, and the like are 
optimized, an etching rate of 60 pjn/min or more can be 
obtained. This is also confirmed. 

[0066] As described above, it was confirmed that 
5 when the method of this embodiment was employed, sil- 
icon was etched at a very high rate, and the etching 
shape became good. 

[0067] With the high-rate etching method described 
above, holes and grooves extending through the silicon 

10 wafer can be formed. Alternatively, holes may be formed 
in the silicon wafer with the above high-rate etching 
method. Afterthat, that surface of the silicon wafer which 
is opposite to the target etching surface may be entirely 
ground or etched by using a technique such as CMP. 

is Then, the formed holes or grooves become through 
holes or the like extending through the silicon wafer. 
[0068] The present invention is not limited to the 
above embodiment, but can be modified in various man- 
ners. For example, in the above embodiment, a dipole 

20 ring magnet was used as a magnetic field forming 
means for the magnetron RIE plasma etching appara- 
tus. However, the present invention is not limited to this, 
and formation of the magnetic field is not necessary. As 
far as a plasma can be generated by a gas pressure 

25 falling within the range of the present invention, the ar- 
rangement of the etching apparatus is not particularly 
limited. Also, various types of plasma etching appara- 
tuses such a capacitive coupling type apparatus or an 
induction coupling type apparatus can be used. From 

30 the viewpoint of generating a plasma under a high pres- 
sure, a capacitive coupling type apparatus is more pref- 
erable than an induction coupling type apparatus. 
[0069] From the viewpoint of narrowing the plasma 
generation region and causing it to be in contact with 

35 the object to be processed, the RIE type apparatus is 
preferable among the various types of apparatuses. The 
above embodiment exemplifies etching of a silicon wa- 
fer. As far as silicon of an object to be processed includ- 
ing a silicon region is to be etched, the present invention 

40 is not limited to etching of a single-crystal silicon wafer. 
[0070] As has been described above, according to the 
present invention, when the gas pressure in the process 
chamber during plasma generation is set to as high as 
13 Pa to 1,333 Pa (100 mTorr to 10 Torr), a sufficient 

45 amount of radicals can be generated. When the etching 
rate is set to 20 u.m/min or more and other conditions 
are optimized, high-rate silicon etching with an etching 
rate of 50 u.m/min or more, which cannot be convention- 
ally obtained, can be realized. 

so [0071] Therefore, the present invention can be suita- 
bly applied to formation of through holes in a three-di- 
mensional device. Other than that, by utilizing the mi- 
cromachining characteristics combined with this high- 
rate etching performance, chip dicing from a substrate, 

55 which was conventionally performed by machining, can 
be realized with a grinding margin of less than half that 
of conventional machining. In this manner, applications 
in micromachining, mask formation in electron beam li- 
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thography, and the like can be expected. 
Industrial Applicability 

[0072] According to the high-rate silicon etching 5 
method of the present invention, in order to increase the 
silicon etching rate, the sum of the number of charged 
particles such as ions and the number of radicals must 
be large. To satisfy this, the gas pressure in the process 
chamber is increased, and radicals as neutral particles 10 
are caused to largely contribute to silicon etching. Thus, 
high-rate silicon etching is realized. 
[0073] According to the high-rate silicon etching 
method of the present invention, when the gas pressure 
in the process chamber, more particularly in the process is 
space for the object to be processed, during plasma 
generation is set to as high as 13 Pa to 1 ,333 Pa (100 
mTorr to 10Torr), a sufficient amount of radicals can be 
generated. When the etching rate is set to 20 um/min or 
more and other conditions are optimized, higher-rate sil- 20 
icon etching with an etching rate of 50 um/min or more, 
which cannot be conventionally obtained, can be real- 
ized. 


Claims 

1 . A high-rate silicon etching method of setting an ob- 
ject to be processed having a silicon region so as 

to be in contact with a process space in a process 30 
chamber that can be held in vacuum, forming in the 
process space a gas atmosphere into which an 
etching gas has been introduced, generating a plas- 
ma upon application of RF power, and etching the 
silicon region of the object to be processed in the 35 
plasma at high rate, characterized in that 

a gas pressure in the process space while the 
plasma is being generated is set to 13 Pa to 1 ,333 
Pa (1 00 mTorr to 1 0 Torr). 

40 

2. A high-rate silicon etching method according to 
claim 1 , wherein 

the gas pressure in the process space is set 
to 26 Pa to 133 Pa (200 mTorr to 1 Torr). 

45 

3. A high-rate silicon etching method according to 
claim 1 , wherein 

a distance between a plasma generation re- 
gion in the process space and an etching surface 
of the object to be processed is not more than 20 so 
mm. 

4. A high-rate silicon etching method according to 
claim 1 , wherein 

the etching gas contains a fluorine compound ss 

gas. 

5. A high-rate silicon etching method according to 


claim 4, wherein 

when a molecule of the fluorine compound 
gas is expressed as A x F y (where A is an arbitrary 
element and x and y are valences) , y is not less than 
4. 

6. A high-rate silicon etching method according to 
claim 5, wherein 

y of the fluorine compound gas is not less than 

6. 

7. A high-rate silicon etching method according to 
claim 4, wherein 

the etching gas further contains oxygen. 

8. A high-rate silicon etching method according to 
claim 7, wherein 

the etching gas contains SF 6 and 0 2 , and 
SF 6 is 0.1 to 0.5. 

9. A high-rate silicon etching method according to 
claim 4, wherein 

the etching gas contains SF 6 and C 4 F 8 , and 
C 4 F 8 /SF 6 is 0.3 to 0.6. 

10. A high-rate silicon etching method according to 
claim 1 , wherein 

a mechanism which generates the plasma is 
a capacitive coupling type mechanism which gen- 
erates a plasma by forming an RF electric field be- 
tween a pair of opposing electrodes. 

11. A high-rate silicon etching method according to 
claim 10, wherein 

the mechanism that generates the plasma is 
an RIE type mechanism in which a high frequency 
for plasma generation is applied to an electrode 
where an object to be processed is set. 

12. A high-rate silicon etching method according to 
claim 11 , wherein 

etching is performed while forming a magnetic 
field perpendicular to the electric field between the 
electrodes. 

13. A high-rate silicon etching method wherein, by 

using a magnetron etching apparatus having 
a process chamber which can be held in vac- 
uum, 

a pair of electrodes provided in the process 
chamber to sandwich a process space, 

RF power supply means for applying RF pow- 
er for plasma generation to an electrode where an 
object to be processed is held, thereby forming an 
RF electric field in the process space, 

an etching gas inlet mechanism which intro- 
duces an etching gas into the process space, there- 
by forming a gas atmosphere, and 
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magnetic field forming means for forming in 
the process space a magnetic field perpendicular 
to the RF electric field and directed in one direction, 

when etching a silicon region at a high rate 
such that orthogonal electromagnetic fields are 
formed in the process space to generate a plasma 
in the gas atmosphere, and an object to be proc- 
essed is set such that the silicon region of an etch- 
ing target surface of the object to be processed is 
in contact with the plasma, etching is performed by 
setting a gas pressure in the process space to 13 
Pa to 1 ,333 Pa (1 00 mTorr to 1 0 Torr). 

14. A high-rate silicon etching method according to 
claim 13, wherein 

etching is performed by setting the gas pres- 
sure in the process space to 26 Pa to 133 Pa (200 
mTorr to 1 Torr). 

15. A high-rate silicon etching method according to 
claim 14, wherein 

the magnetic field forming means has a dipole 
ring magnet in which a plurality of anisotropic seg- 
ment magnets are arranged to form a ring shape 
around the process chamber and directions of mag- 
netization of the anisotropic segment magnets are 
so set as to form a uniform unidirectional magnetic 
field between the electrodes. 

16. A high-rate silicon etching method according to 
claim 13, wherein 

the etching gas contains a fluorine compound 

gas. 

17. A high-rate silicon etching method according to 
claim 16, wherein 

when a molecule of the fluorine compound 
gas is expressed as A x F y (where A is an arbitrary 
element and x and y_ are valences) , y_ is not less than 
4. 

18. A high-rate silicon etching method according to 
claim 17, wherein 

y of the fluorine compound gas is not less than 

6. 

19. A high-rate silicon etching method according to 
claim 16, wherein 

the etching gas further contains oxygen. 

20. A high-rate silicon etching method according to 
claim 19, wherein 

the etching gas contains SF 6 and 0 2 , and Og/ 
SF 6 is0.1 to 0.5. 

21. A high-rate silicon etching method according to 
claim 16, wherein 

the etching gas contains SF 6 and C 4 F 8 , and 


C 4 F 8 /SF 6 is 0.3 to 0.6. 

22. A high-rate silicon etching method according to 
claim 13, wherein 

5 the RF power supply applies RF power of not 

less than 27 MHz. 

23. A high-rate silicon etching method according to 
claim 22, wherein 

w the RF power supply applies RF power of 40 

MHz to 200 MHz. 

24. A high-rate silicon etching method according to 
claim 13, wherein 

15 the magnetic field forming means forms a 

magnetic field of not less than 1 0,000 uT (1 00 G) in 
a region where the object to be processed is 
present. 

20 25. A high-rate silicon etching method according to 
claim 13, wherein 

another RF power supply different from the 
RF power supply superposes RF power with a fre- 
quency lower than that of the RF power for plasma 

25 generation and not less than 2 MHz to the RF power 
for plasma generation. 

26. A high-rate silicon etching method according to 
claim 1 , wherein 

30 an etching opening ratio of the object to be 

processed which is to be etched is not more than 
10% of a surface of the object to be processed. 

27. A high-rate silicon etching method according to 
35 claim 1 , wherein 

the object to be processed having the silicon 
region is a single-crystal silicon substrate. 

28. A high-rate silicon etching method according to 
40 claim 27, wherein 

after the step of etching the single-crystal sil- 
icon substrate by the high-rate silicon etching meth- 
od, an opposite surface of the silicon substrate is 
entirely ground or etched, so a hole or groove 
45 formed in the silicon substrate by the high-rate sili- 
con etching method extends through the silicon 
substrate. 

29. A high-rate silicon etching method according to 
so claim 1 , wherein 

an etching opening of the object to be proc- 
essed which is to be etched has a size of not less 
than 10 um. 

55 30. A high-rate silicon etching method of etching a sili- 
con region in order to form a hole, groove, or 
through hole in a silicon substrate, wherein 

in a process space where the silicon substrate 


9 


17 EP 1 329 948 A1 18 

is to be set and a plasma for etching is to be gen- 
erated, 

a gas pressure of an etching gas in the proc- 
ess space is so increased as to increase the 
number of radicals as neutral particles contributing s 
to silicon etching and the number of charged ion 
particles, 

regardless of a plasma density in the process 
space. 
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